Heavy quarks, i.e. charm and beauty, are considered calibrated probes for the strongly interacting deconfined medium (Quark Gluon Plasma, QGP) formed in heavy-ion collisions. Produced in hard scattering processes in the initial stages of the collision, they interact with the medium, lose energy and, depending on the coupling strength to the medium, take part in the collective motion of the QCD matter. ALICE measured the production of D 0 , D * + , D + and D + s mesons at central rapidity in pp, p-Pb and Pb-Pb collisions at the LHC. The study of the modification of the transverse momentum differential yields of charm particles in Pb-Pb collisions with respect to pp collisions, quantified by the nuclear modification factor (R AA ), can unravel details of the energy loss mechanism, such as its dependence on the quark mass and on the path length the parton travels through the medium. A similar comparison between pp and p-Pb collision data (R pPb ) is fundamental to disentangle effects related to the presence of the hot medium from cold nuclear matter effects. The degree of thermalization and coupling to the medium is investigated in semi-peripheral Pb-Pb collisions by measuring the elliptic flow coefficient (v 2 ) at low p T . At high p T , v 2 is sensitive to the pathlength dependence of the energy loss. Results on the transverse momentum and centrality dependence of the D-meson elliptic flow and R AA will be presented. The comparison with the R AA of non-prompt J/ψ from B-meson decays measured with CMS will be discussed. The preliminary results on D-meson R pPb and the dependence of D-meson yields on rapidity in p-Pb collisions will be shown. As an outlook, the analysis and the preliminary results on the azimuthal correlations of D-mesons and charged hadrons in pp collisions will be described.
Introduction
The comparison of open heavy-flavour hadron production in proton-proton, proton-Pb and Pb-Pb collisions at the LHC offers the opportunity to investigate the properties of the high-density colour-deconfined state of stronglyinteracting matter (Quark Gluon Plasma, QGP) that is expected to be produced in high-energy collisions of heavy nuclei [1] . Due to their large mass, charm and beauty quarks are created at the initial stage of the collision in hardscattering processes with high virtuality (Q ) involving partons of the incident nuclei. They interact with the medium and lose energy via both inelastic (medium-induced gluon radiation, or radiative energy loss) [2, 3] and elastic (collisional energy loss) [4] processes. The loss of energy, sensitive to the medium energy density and size, is expected to depend on the quark mass and be smaller for heavy quarks than for light quarks and gluons for most of the mechanisms considered in theoretical models. In particular, the parton and mass dependence of radiative energy loss derives from the smaller colour coupling factor of quarks with respect to gluons, and from the 'dead-cone effect', which reduces small-angle gluon radiation for heavy quarks with moderate energy-over-mass values [5] . A sensitive observable is the nuclear modification factor, defined as R AA (p T ) = dN AA /dp T T AA dσ pp /dp T , where N AA is the yield measured in heavy-ion collisions, T AA is the average nuclear overlap function calculated with the Glauber model [7] in the considered centrality range, and σ pp is the production cross section in pp collisions. In-medium energy 1 
has been predicted [5, 6] . However, it is important to note that the comparison of heavy-flavour hadron and pion R AA cannot be interpreted directly as a comparison of charm, beauty, and gluon energy losses, due to the different parton fragmentation functions and slope of the p T -differential cross sections (even in the absence of medium effects). Moreover, at low p T , a significant fraction of pions does not come from hard-scattering processes.
A R AA value different from unity can also originate from initial and final state "cold-nuclear matter" effects, not related to the formation of a deconfined medium. At LHC energies, nuclear shadowing, which reduces the parton density for gluons carrying a nucleon momentum fraction x below 10 −2 , is expected to be the most important for heavy-flavour production. A correct interpretation of heavy-ion results demands for the measurement of these effects via the analysis of p-Pb data.
In heavy-ion collisions with non-zero impact parameter the interaction region exhibits an azimuthal anisotropy with respect to the reaction plane (Ψ RP ) defined by the impact parameter and the beam direction. Collective effects convert this geometrical anisotropy into an anisotropy in momentum space that is reflected in the final state hadron azimuthal distribution [8] . The effect, sensitive to the degree of thermalization of the system, can be evaluated by measuring the 2 nd coefficient of the Fourier expansion of the particle azimuthal distribution, called elliptic flow (v 2 ). The measurement of D-meson v 2 can provide, at low p T , fundamental information on the degree of thermalization of charm quarks in the medium. At high p T , a non-zero v 2 can originate from the path-length dependence of energy loss [9] [10] [11] [12] [13] [14] .
The measurement of both "hot" and "cold" nuclear effects requires the understanding of the production crosssections of open heavy-flavour in pp collisions, used as a reference. The p T -differential production cross sections of D mesons is well described by fix-order pQCD calculations relying on the collinear factorization approach, like FONLL [15] , GM-VFNS [16] , or the k T -factorization approach [17] . The study of the azimuthal angular correlations of D-meson and charged hadrons produced in the collisions offers the opportunity of investigating charm production in a more differential way and can serve as a test for Monte Carlo generators simulating the full kinematic of charm production processes and parton shower.
In these proceedings, the measurements of D-meson production in pp, p-Pb and Pb-Pb collisions performed by the ALICE Collaboration are presented. 
Analysis and results
Open charm production is measured in the ALICE experiment via an invariant mass analysis of the decay channels [18] [19] [20] [21] , based on exploiting the ALICE high track spatial resolution in the vicinity of the primary vertex of the collision (∼ 60 µm at p T = 1 GeV/c), granted by the Inner Track System silicon detector (ITS), to identify secondary decay vertices displaced by few hundred µm from the interaction vertex. In order to further enhance the ratio between the D-meson signal and the large combinatorial background the measurements of the particle time-of-flight from the collision point to the Time Of Flight (TOF) detector and of the specific energy loss in the Time Projection Chamber (TPC) gas are used to identify kaons and pions. The pseudorapidity acceptance for tracks reconstructed in the ITS, TPC and TOF detectors is |η| < 0.9.
In the left panel of Fig. 1 , the black points represent the ALICE preliminary average of prompt non-strange Dmeson R pPb . As for the measurements performed in pp and Pb-Pb [18, 21] , the contribution of D mesons coming from B-hadron decays is estimated and subtracted using the cross section of D mesons from B-meson decays calculated with FONLL [15] , the reconstruction efficiency for prompt and secondary D mesons and using a range of hypotheses for the nuclear modification factor of feed-down D mesons (R feed−down pPb ). In p-Pb collisions R feed−down pPb /R D pPb = 1 is assumed and the range 0.9 < R feed−down AA /R D AA < 1.3 is spanned for assigning a systematic uncertainty. The range was chosen considering the predictions from calculations including initial state effects based on EPS09 nuclear PDF parametrizations [22] and from the model based on the Color Glass Condensate (CGC) framework described in [23] . R pPb is compatible with unity in the range 1 < p T < 24 GeV/c. In the centre of mass system of the p-Pb collisions, the measurement covers the rapidity range −0.96 < y < 0.04. Within the current statistical and systematic uncertainties, no evidence of a dependence of the production cross section on rapidity is observed within this window, as shown in the right panel of the same figure for D 0 in 2 < p T < 5 GeV/c, 5 < p T < 8 GeV/c and 8 < p T < 16 GeV/c. The measured p T , y-differential cross-section is compatible with predictions obtained by scaling the y-differential crosssection calculated with FONLL [15] by the Pb atomic mass number and by a R pPb estimated, as a function of p T , on the basis of the MNR calculation [24] and EPS09 nuclear PDF parametrizations [22] . The latter R pPb estimate describes well the measured R pPb [25] . The comparison with the preliminary R AA measured in the 7.5% most central Pb-Pb collisions in 1 < p T < 36 GeV/c, shown in the left panel of Fig. 1 , highlights that the suppression observed in Pb-Pb collisions (about a factor 5 for p T ∼ 10 GeV/c) is predominantly induced by final state effects due to charm quark energy loss in the medium.
The preliminary comparison of the centrality dependence of the nuclear modification factors of non-strange D /R D AA < 3 was considered for assigning the systematic uncertainty related to this hypothesis. As reported in [21, 27] , the D-meson R AA is compatible within uncertainties with the charged-hadron R AA for p T > 1 GeV/c in central Pb-Pb collisions. The same observation holds for more peripheral collisions, as also visible in the right panel of Fig. 2 , where the centrality dependence of D-meson and charged-pion nuclear modification factors is shown for 2 < p T < 3 GeV/c.
In the left panel of Fig. 3 the first measurement of D-meson elliptic flow in heavy-ion collisions is shown. The measurement, performed with ALICE in the 30-50% centrality range [28] , exploits the event plane method, in which the correlation of the particle azimuthal angle (ϕ) to the reaction plane Ψ RP is analyzed. The reaction plane is estimated via the event plane Ψ 2 , which is obtained from the azimuthal distribution of a (sub-)sample of tracks in the event [29] . The measurement represents a 5 σ observation of v 2 > 0 in the range 2 < p T < 6 GeV/c, with an average of the measured values in this interval around 0.2. A positive v 2 is also observed for p T > 6 GeV/c, which most likely originates from the path-length dependence of the partonic energy loss, although the large uncertainties do not allow a firm conclusion. The measured D-meson v 2 is comparable in magnitude to that of charged particles, which is dominated by light-flavour hadrons [30] . This suggests that low momentum charm quarks take part in the collective motion of the system.
As an outlook, in the right panel of Fig. 3 , the first measurement of the azimuthal correlations between D mesons and charged particles in pp collisions at √ s = 7 TeV is shown (more details on the analysis technique can be found in [31] ). The measurement, which is the average of D 0 and D * + correlations with charged particles, is compatible with the expectations obtained from the PYTHIA event generator [32] (tunes Perugia 0, Perugia 2010, and Perugia 2011 [33] ), considering the large statistical and systematic uncertainties. The latter is dominated by the 14% uncertainty on the normalization. The larger statistics expected from upcoming runs at the LHC in 2014-2018, should allow for a precise measurement already in run 2 and the upgrade of the ALICE detector during the long shut down in 2018 [34] should give access to this observable also in Pb-Pb collisions with run 3 data.
